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SCIENTIFIC ANALYSIS SOFTWARE ON THE 

NASA-ERL COMPUTER SYSTEMS 

By Bobby G .  Junkin* 

SUMMARY 

D e t a i l s  on t h e  development, usage,  and c h a r a c t e r i s t i c s  o f  

355 s c i e n t i f i c  subrout ines  received from t h e  I n t e r d a t a  Users 

Group a r e  presented  i n  t h i s  w r i t e u p .  These r o u t i n e s ,  r e f e r r e d  

t o  as SSP's ( S c i e n t i f i c  Subroutine Packages) ,  have been imple- 

mented on the  NASA Ear th  Resources Labora tory ' s  I n t e r d a t a  832 

computer system. Program l i s t i n g s  and d e t a i l e d  documentation 

a r e  a v a i l a b l e  f o r  a l l  of the  SSP sub rou t ines .  For ease  of  

r e f e r e n c e ,  t he  SSP subrout ines  a r e  grouped as mathematical o r  

s t a t i s t i c a l .  A f u r t h e r  d e t a i l e d  r e fe rence  i s  provided by 

subgroups under these  two general  c a t e g o r i e s .  

"Earth Resources Laboratory,  NASA-NSTL, NSTL S t a t i o n ,  MS 39529 
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INTRODUCTION 

This  r e p o r t  provides  d e t a i l s  on t h e  development, usage and 

c h a r a c t e r i s t i c s  of 355 s c i e n t i f i c  subrout ines  r ece ived  from t h e  

I n t e r d a t a  Users Group (IUG) (Reference 1). These r o u t i n e s  have 

been implemented on the  NASA Ear th  Resources Labora tory ' s  I n t e r -  

d a t a  832 computer system. 

t a t i o n a l  b u i l d i n g  b locks ,  t h e  user  must f u r n i s h  t h e  necessary  

inpu t /ou tpu t  and o t h e r  op t ions  f o r  h i s  t o t a l  problem s o l u t i o n .  

Since they a r e  inpu t /ou tpu t  f r e e  compu- 

The var ious  SSP subrout ines  a re  ca t egor i zed  as mathematical 

o r  s t a t i s t i c a l  and then subgrouped under these  c a t e g o r i e s  f o r  ea se  

of r e f e r e n c i n g .  

a r e  a l s o  inc luded .  

The FORTRAN CALL names and subrout ine  func t ions  

Program l i s t i n g s  and d e t a i l e d  documentation o f  t h e  arguments 

i n  t h e  FORTRAN CALL s ta tements  a re  a v a i l a b l e  f o r  a l l  o f  t he  

sub rou t ines .  

included.  Deta i led  documentation f o r  t h e  remaining subrout ines  

has not been included h e r e i n  s ince  t o  do so would r e q u i r e  approxi- 

mately 355 a d d i t i o n a l  pages.  

sub rou t ine  documentation from Volume PO01 via the  SSP.CM disk  f i l e  

by r o u t i n g  t h e  p r i n t o u t  t o  the  l i n e  p r i n t e r  on t h e  I n t e r d a t a  832 .  

Sample documentation f o r  one of t h e  subrout ines  i s  

A user can e x t r a c t  t h e  appropr i a t e  

Addi t iona l  information i s  provided on subrout ine  implementation 

and usage. 

and double p r e c i s i o n  cons idera t ions  a r e  a l s o  d iscussed .  

Function subprograms, ma t r ix  cons ide ra t ions  and program 



FUNCTIONAL CATEGORIES 

To provide a functional reference for the user, all 

routines are grouped as mathematical or statistical as 

follows: 

Statistics 

o Probit analysis 

o Analysis of variance (factorial design) 

o Correlation analysis 

o Multiple linear regression 

o Stepwise regression 

o Polynomial regression 

o Canonical correlation 

o Factor analysis (principal components , varimax) 

o Discriminant analysis (many groups) 

o Time series analysis 

o Data screening and analysis 

o Nonparametric tests 

o Distribution functions 

:.la thema t i c s 

o Inversion 

o Eigenvalues and eigenvectors 

o Simultaneous linear algebraic equations 

o Transpositions 

o Matrix arithmetic (addition, product, etc.) 

o Matrix partitioning 
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Matrix tabulation and sorting of rows o r  columns 

Elementary operations on rows or columns of matrices 

Matrix factorization 

Integration and differentiation of given or 

tabulated functions 

Solution of systems of first-order differential 

equations 

Fourier analysis of given or tabulated functions 

Bessel and modified Bessel function evaluation 

Gamma function evaluation 

Jacobian elliptic functions 

Elliptic, exponential, sine cosine, Fresnel integrals 

Finding real roots of a given function 

Finding real and complex roots of a real polynomial 

Polynomial arithmetic (addition, division, etc.) 

Polynomial evaluation, integration, differentiation 

Chebyshev, Hermite, Laguerre, Legendre polynomials 

Minimum of a function 

Approximation, interpolation, and table construction 

These groups are then subgrouped as follows: 

A .  Statistics 

. 1  Group 1 

- Data Screening 

- Correlation and Regression 
- Analysis of Variance 
- Discriminant Analysis 
- Factor Analysis 

3 



A . 2  GrouD 2 

- Time Series 

- Nonparametric Statistics 

A . 3  Group 3 - 
- Generation of Random Variates (Distribution Functions) 

- Elementary Statistics and Miscellany 

B. Mathematics 

B . l  Group 1 : Matrices 

-Matrices : Storage 

-Matrices : Operations 

-Matrices : Special Operations 

B . 2  Group 2 : Differential Equations 

- Numerical Differentiation 

- Ordinary Differential Equations 

- Numerical Quadrature 

B .  3 - Group 3 : Interpolation, Approximation, Smoothing 

B.4  Group 4 : Nonlinear Equations 

- Roots 

- Extremum of Functions 

- Permutations 

- Sequences 

B . 5  Group 5 : Special Functions 

B .  6 Group 6 : Polynomials 

4 



- Operations 

- Roots 

- S p e c i a l  Types 

The i n d i v i d u a l  subrout ine names and func t ions  w i t h i n  each 

group a r e  given i n  Appendix A .  

5 



IMPLEMENTATION ON NASA/ERL INTERDATA 832 

A l l  of  t he  IUG-SSP r o u t i n e s  have been compiled wi th  t h e  

A t a b u l a t i o n  of t h e  number FORTRAN V I 1  opt imizing compiler. 

of words i n  core  t h a t  t he  r o u t i n e  occupies when loaded i s  given 

i n  Appendix B ,  Tables I-XI. These r o u t i n e s  have been p laced  i n  

a l i b r a r y  f i l e  named SSP.LIB on volume MT32. They are a c c e s s i b l e  

v i a  FORTRAN CALL s ta tements  and can be inc luded  i n  t h e  u s e r  t a s k  

a t  t a sk  bu i ld ing  t i m e  via the  E D I T  MT32:SSP.LIB/G s ta tement .  This  

w i l l  cause only t h e  re ferenced  rou t ines  t o  be  e x t r a c t e d  and 

loaded from the  l i b r a r y .  

The i n d i v i d u a l  subrout ines  contain documentation embedded 

wi th in  t h e  comments s e c t i o n .  For example, t he  subrout ine  NROOT 

conta ins  comments p e r t a i n i n g  t o  the purpose,  usage,  parameter 

d e s c r i p t i o n s ,  remarks, subrout ines  and func t ion  subprograms 

r e q u i r e d ,  and t h e  a n a l y s i s  method. This  example i s  shown i n  

Appendix C .  

6 



USAGE OF SSP SUBROUTINES 

General 

The s tandard  FORTRAN CALL statement i s  used t o  access t h e  

var ious  sub rou t ines .  A l l  d a t a  i s  t r ansmi t t ed  v ia  t h e  arguments 

i n  t h e  CALL s t a t emen t ,  Thus, t h e  r o u t i n e s  do n o t  cause inpu t  

o r  output  d i r e c t l y .  The u s e r  must d e f i n e  by DIMENSION s ta tements  

a l l  matrices t o  be opera ted  on by SSP subrout ines  as w e l l  as 

those ma t r i ces  u t i l i z e d  i n  h i s  program. The SSP subrou t ines  

a r e  no d i f f e r e n t  from user-suppl ied sub rou t ines ,  wi th  t h e  

except ion t h a t  t h e  dimensional areas  i n  t h e  SSP subrout ines  are 

n o t  r equ i r ed  t o  be the  same as t h o s e  i n  t h e  c a l l i n g  program. 

Sequences of Subrout ines  

Many of t h e  f u n c t i o n a l  ca tegor ies  have been programmed as 

An example of  t h i s  i s  f a c t o r  a n a l y s i s .  a sequence of sub rou t ines .  

This  s t a t i s t i c a l  procedure i s  a method o f  ana lyz ing  t h e  i n t e r -  

c o r r e l a t i o n s  wi th in  a s e t  o f  v a r i a b l e s .  It determines whether 

t he  var iance  i n  t h e  o r i g i n a l  set o f  v a r i a b l e s  can be accounted 

f o r  by a smal le r  number of  b a s i c  f a c t o r s .  

accomplished by c a l l i n g  t h e  f i v e  subrout ines  i n  sequence: 

Fac tor  a n a l y s i s  i s  
1 

1. CORRE - determine mean, s tandard  dev ia t ion  

and c o r r e l a t i o n  ma t r ix .  

2 .  EIGEN - computes eigenvalues and e igenvec to r s .  

3 .  TRACE - s e l e c t s  e igenvalues .  

4 .  LOAD - computes f a c t o r  mat r ix .  

5 .  VARMX - r o t a t e s  f a c t o r  matr ix .  

Severa l  of t hese  r o u t i n e s  are  a l s o  used by o t h e r  r o u t i n e s .  

7 



CALL Statement 

The CALL s ta tement  t r a n s f e r s  c o n t r o l  t o  a p a r t i c u l a r  sub- 

r o u t i n e  and r e p l a c e s  t h e  dummy va r i ab le s  i n  t h a t  subrout ine  

with the  va lue  of  t h e  arguments appearing i n  t h e  s ta tement  

l i s t .  I f  t h e  argument i s  an a r ray  o r  func t ion  subprogram name 

then t h e  address  of  t h e  a r r a y  o r  func t ion  subprogram i s  t r a n s -  

m i t t e d  t o  t h e  c a l l e d  subrout ine .  

The arguments i n  a CALL statement must agree  i n  o r d e r ,  

number and type wi th  the  corresponding arguments i n  t h e  sub- 

r o u t i n e .  A number may be passed t o  a subrout ine  e i t h e r  a s  a 

v a r i a b l e  name o r  a cons tan t  i n  the argument l i s t .  

Function Subprograms 

Severa l  of  t h e  subrout ines  r equ i r e  t h e  name of  a u s e r  

func t ion  subprogram a s  p a r t  of the argument l i s t  i n  the  CALL 

s ta tement .  The func t ion  name appearing i n  t h e  argument l i s t  

must then appear i n  an EXTERNAL statement a t  t h e  beginning of 

t h a t  program. 

For  example, the subrout ine RK2 i n t e g r a t e s  a func t ion  

supp l i ed  by the  u s e r .  I f  t he  funct ion i s  o f  t h e  form: 

dy/dx = Ax + By 

then t h e  func t ion  subprogram i s :  

FUNCTION HELP (X,Y) 
A = 5. 
B = 10. 
HELP = A  J; X +  B * Y 

RETURN 

END 
8 



Then t h e  main program would appear a s  f o l l o w s :  

EXTERNAL HELP 

CALL RK2 (HELP, . . . ) 

RETURN 

END 

The subrout ine  RK2 goes t o  the  func t ion  HELP each t i m e  i t  

r e q u i r e s  a value f o r  t he  d e r i v a t i v e .  The dummy func t ion  name 

FUN i n  RK2 i s  rep laced  by t h e  name HELP during execut ion o f  t h e  

sub rou t ine .  

Matrix Considerat ions 

Dimens ions  

The ma t r ix  subrout ines  do no t  conta in  f i x e d  maximum 

dimensions f o r  d a t a  a r r a y s  named i n  t h e i r  c a l l i n g  sequence. 

The vec to r  s to rage  approach, wherein each column i s  followed 

i n  s t o r a g e  by t h e  next  column, is used t o  implement t h i s  

v a r i a b l e  dimension c a p a b i l i t y .  This form o f  s to rage  i s  

t h e  same as two-dimensional s to rage  when the  number of rows 

and columns i n  t h e  mat r ix  a re  t h e  same as those i n  t h e  

u s e r ' s  dimension s ta tement .  I f  t h e  ma t r ix  i s  smaller than t h e  

dimensional a r e a ,  then the  s to rage  methods a r e  n o t  t h e  same. 

As an example, consider  t h e  d a t a  s to rage  of a 3 x 3 

a r r a y  of  numbers i n  a 5 x 5 dimensional a r e a .  For t h e  

double subsc r ip t ed  v a r i a b l e s ,  t h e  n ine  numbers w i l l  appear 

a s  shown i n  Figure 1. 

9 



Column 

1 2 3 4 5 
i 

Figure 1. - Double-subscripted data storage. 

In this example, sequential core locations will contain 

data elements 1 to 3, 2 blank locations, data elements 4 to 6, 

2 blank locations, etc. The vector storage is illustrated 

in Figure 2. The matrix subroutines assume the data are stored 

in this manner. 

1 

2 

Row 3 

4 

5 

Figure 2 . -  Vector storage. 
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dimensional area is larger than the arrays then he must 

Order of  
Matrix 

P X Q  

P 

P 

store his data in the vector manner. The SSP subroutine 

Storage Locations 
Required 

P X Q  

P(P+1)/2 

P 

ARRAY is available to accomplish this. In addition, the 

routine LOC can be used to reference data elements stored 

in the vector manner. 

Modes of Storage 

The three modes of  storage for using the matrix sub- 

routines in the vector manner are general, symmetric, and 

diagonal. The general mode is one in which all elements 

of the matrix are in storage. The symmetric mode uses only 

the upper triangular portion o f  the matrix and the diagonal 

mode uses only the diagonal elements. These modes are 

summarized in Table 1. 

TABLE 1. -SUMMARY OF STORAGE MODES 

Type Matrix 
Storage 

General 

Symmetric 

Diagonal 

Storage 
Mode Code* 

*This parameter code is input to the subroutine LOC. 

Thus, if the programmer wishes to use SSP subroutines on 

matrix A, which is general, matrix B, which is symmetric, 

and matrix C, which is diagonal, and all matrices are 

10 by 10 or smaller, the dimension statement in his program 

can be: 

DIMENSION A(100), B(55), C(10) 

11 



It can be seen t h a t  considerable  sav ings  i n  d a t a  s t o r a g e  

can be  r e a l i z e d  f o r  s p e c i a l  matr ix  forms. 

Element References 

The subrout ine  LOC i s  used t o  r e fe rence  ma t r ix  elements 

s t o r e d  i n  t h e  vec to r  manner and r e q u i r e s  as inpu t  t h e  s t o r a g e  

mode code i n  Table X X I I I .  The c a l l i n g  sequence i s :  

CALL LOC (I,J,K,P,Q,MS) 

where : 

I - row element re ference  

J - column element r e fe rence  

K - s u b s c r i p t  r e f e r r i n g  t o  d e s i r e d  element 

P - number of rows 

Q - number of columns 

MS - s to rage  mode code 

I f  r e f e r e n c e  i s  r equ i r ed  t o  t h e  element a t  row I and 

column J of mat r ix  A whose dimensions a r e  P by Q ,  and 

i f  t h e  s to rage  mode code is  MS, a CALL t o  t he  LOC subrout ine  

as shown above w i l l  r e s u l t  i n  t h e  computation of t he  s u b s c r i p t  

K such t h a t  A(K) i s  t h e  des i red  element.  The parameters 

r ep resen ted  by I ,  J ,  P ,  Q, MS can be e i t h e r  i n t e g e r  

v a r i a b l e s  o r  i n t e g e r  cons tan ts .  

by K i s  an i n t e g e r  v a r i a b l e .  

mention the  a r r a y  A a s  a s ing le - subsc r ip t ed  v a r i a b l e  t o  

meet t h e  r e s t r i c t i o n s  of  some FORTRAN systems. 

The parameter r ep resen ted  

Note t h a t  t h e  u s e r  must d i -  

12  



As an example, i f  re fe rence  i s  r equ i r ed  t o  t h e  row 3 

and column 2 element of t h e  4 x 4 symmetric ma t r ix  i n  

F igure  3 ,  then t h e  c a l l  statement would b e :  

CALL LOC ( 3 , 2 , K , 4 , 4 , 1 )  

The value of K r e tu rned  by  LOC w i l l  be 5, s i n c e  t h e  va lue  

(6 )  i s  found i n  the  f i f t h  s torage  element l o c a t i o n .  

Column 

Matrix 

1 1  

jz 

13 
1 4  

.orage 
Figure 3 . -  Symmetric mat r ix  s to rage  mode. 

Column 

Figure  

(1) 0 0 0 

0 (2) 0 0 

0 0 ( 3 )  0 
0 0 0 ( 4 )  

Matrix 

4 . -  Diagonal ma t r ix  s torage  

Storage 

mode. 

1 3  



If the storage mode code is for a symmetric matrix 

where only the upper triangular portion is retained in 

storage, and if I and J refer to an element in the lower 

triangular portion, K will contain the subscript for the 

corresponding element in the retained upper triangle. Thus 

if the user wanted the element in row 4 ,  column 2 of the 

matrix shown in Figure 3 and the array was stored as shown, 

the statement: 

CALL LOC ( 4 ,  2, K ,  4 ,  4 ,  1) 

would result in K having the value of 8;  that is, the eighth 

element. If a matrix is stored as shown in Figure 4 (storage 

mode 2), and LOC is used to compute the subscript for an 

off-diagonal element (I not equal to J), the result in K 

will be zero. This is due to the fact that the element 

does not exist in storage. In this situation, the user 

must not utilize K as a subscript. Following is an illus- 

tration of how to take care of this condition and also 

handle the case where the current storage mode is unknown. 

If the user wishes to set a variable X equal to the 

eLement in the third row and fourth column of a 10 by 10 

array named A, for either a symmetric, diagonal, or general 

matrix, the required program can be implemented for any 

storage mode MS as follows: 

CALL LOC ( 3 ,  4 ,  K ,  10, 10, MS) 

x = 0 . 0  

I F  (K) 2 0 ,  30, 20 

20 X = A(K) 
3 0 - - - -  

14  



(MS is assumed to have been set a 0, 1, or 2 at some earlier 

point in the program.) This sequence will then set the proper 

value for X, given any storage mode that may be encountered. 

The second and third statements take care of the off-diagonal 

condition for a matrix with a storage mode of 2. 

The subroutine LOC can a l so  be used to compute the total 

length of an array in storage as follows: 

CALL LOC (P, Q, K, P, Q, MS) 

For example, if the user has a 3 by 3 matrix whose storage 

mode is 1, the statement: 

CALL LOC (3  , 3 ,  3 ,  3 ,  

will result in K being set to 6 .  This references element 3,3 

and is a l so  the actual l e n g t h  of the vector in storage. 

The information contained in the fifth parameter in 

the calling sequence for LOC is not actually used in the 

calculations performed by LOC. 

calling sequence in case the user wishes to expand LOC to 

cover other forms of data storage. 

It has been included in the 

Program Considerations 

There are certain FORTRAlY compiler features on the 

Interdata which provide for a versatile program development 

capability. For example, the FORTRAN VI1 system includes a 

subroutine multiple entry point. 

in effect reduces total storage requirements. 

Usage of this capability 

15 



The user can also optimize execution time by implementing 

routines in assembly language. For example, the LOC subroutine 

could be implemented in assembly language and decrease the 

execution time for the matrix routines which call LOC. The 

function of LOC could also be coded in-line within each 

subroutine using it and thus avoid the use of repeated calls 

to LOC and at the same time decrease execution time. 

Double Precision 

Many of the subroutines have been provided in single 

and double precision versions. Those that are not double 

precision contain instructions for converting. FORTRAN 

double precision statements have been included in these 

subroutines in the form of commentscards. The removal of 

the C from column 1 of the appropriate comments cards prior 

to program compilation allows one to obtain the double 

precision version of the subroutine. The basis rules per- 

taining to double precision usage should be adhered to. 

In addition, any user supplied function named in the CALL 

statement for a double precision subroutine must be set up 

as a double precision function. As an example, if the 

mble precision version of RK2 is used, then the function 

would be set up as follows: 

DOUBLE PRECISION FUNCTION HELP (X, Y) 

DOUBLE PRECISION X, Y 

A = 5 .  
B = 10. 
HELP = A*X + B*Y 
RETURN 
END 
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CONCLUDING REMARKS 

D e t a i l s  on t h e  

of  355 mathematical 

t h e  I n t e r d a t a  Users 

development, usage, and c h a r a c t e r i s t i c s  

and s t a t i s t i c a l  subrout ines  r ece ived  from 

Group have been presented .  This  r e p o r t  

s e rves  a s  a r e f e r e n c e  guide for p o t e n t i a l  u s e r s  of  t h i s  

s c i e n t i f i c  a n a l y s i s  sof tware c a p a b i l i t y .  

Routine sof tware maintenance, which inc ludes  documentation 

changes, may be r equ i r ed  a s  a r e s u l t  of  u s e r  feedback information 

and/or  in-house i n v e s t i g a t i o n s .  I n  a ,dd i t ion ,  new mathematical 

o r  s t a t i s t i c a l  subrout ines  w i l l  be implemented i n  t h e  sof tware 

l i b r a r y  as requir'ements d i c t a t e .  
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APPENDIX A 

Subrout ine Names and Functions 

This appendix conta ins  a l i s t i n g  of t h e  va r ious  sub rou t ines  

and t h e  p a r t i c u l a r  mathematical o r  s t a t i s  t i c a l  category t h a t  

each subrout ine  i s  included under. The s t a t i s t i c a l  groupings 

and number i n  each group are as follows: 

A . l  S t a t i s t i c s  - Group 1 / 2 4  

A . 2  S t a t i s t i c s  - Group 11/18 

A . 3  S t a t i s t i c s  - Group III/12 

Group I p e r t a i n s  t o  da ta  screening ,  c o r r e l a t i o n ,  r e g r e s s i o n ,  

and var iance  and f a c t o r  a n a l y s i s .  Group 11 i s  concerned w i t h  

time s e r i e s  and nocparametr ic  s t a t i s t i c s .  Group I11 inc ludes  

d i s t r i b u t i o n  func t ions  and elementary s t a t i s t i c s .  

The mathematical groupings and number i n  each group a r e  

as  fo l lows :  

B . l  Mathematics - Group 1 / 7 4  

B . 2  Mathematics - Group 11/96 

B . 3  Mathematics - Group I I1 /38  

B . 4  Mathematics - Group IV/16 

B . 5  Mathematics - Group V/2O 

B.6 Mathematics - Group VI/56 

Groups I and I1 include mat r ices  and d i f f e r e n t i a l  equa t ions .  

Group 111 p e r t a i n s  t o  i n t e r p o l a t i o n ,  approximation and smoothing. 

Nonlinear equat ion r o u t i n e s  a r e  summarized i n  Group I V .  

f unc t ions  a r e  given i n  Group V. F i n a l l y ,  Group VI covers  

polynomial r o u t i n e s .  

Spec ia l  
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A.l STATISTICS - Group I 

A. 1.1 Data Screening 

TALLY - totals, means, standard deviations, minimums, 
and maximums 

BOUND - selection of observations within bounds 
SUBST - subset selection from observation matrix 
ABSNT - detection of missing data 
TAB1 - tabulation of data (1 variable) 
TAB2 - tabulation of data (2 variables) 
SUBMX - building of subset matrix 

A .  1.2 Correlation and Regression 

C O R E  - means, standard deviations, and correlations 

MISR - means, standard deviations, third and fourth 

moments. Correlations, simple regression 

coefficients and their standard J mors; considers 

that data may be missing 

ORDER - rearrangement of intercorrelations 

MULTR - multiple linear regression 
GDATA - data matrix generation for polynomial regression 
STPRG - stepwise multiple linear regression 

PROBT - probit analysis 
CANOR - canonical correlation 
NROOT - eigenvalues and eigenvectors of a special 

non - symmetric matrix 

A.1.3 Analysis of Variance 

AVDAT - data storage allocation 
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AVCAL - data operation f o r  factorial design 

A.1.4 

A.1.5 

MEANQ - mean square operation 

Discriminant Analysis 

DMATX - means and dispersion matrix 
D I S C R  - discriminant functions 

Factor Analysis 

TRACE - cumulative percentage of eigenvalues 

LOAD - factor loading 
VARMX - varimax rotation 

: A.2 STATISTICS - Group I1 

A.2.1 Time Series ~ 

I 

I AUTO - autocovariances 
CROSS - crosscovariances 
SMO - application of filter coefficients (weights) 
EXSMO - triple exponential smoothing 1 

I 

Nonparametric Statistics 

KOLMO - Kolmogorov-Smirnov one-sample test 

KOLM2 - Kolmogorov-Smirnov two-sample test 
SMIRN - Kolmogorov-Smirnov limiting distribution values 

C H I S Q  - x 2  test for contingency tables 
KRANK - Kendall rank correlation 
M P A I R  - Wilcoxin's signed ranks test 

QTEST - Cochran Q-test 
RANK - rank observations 
SIGNT - sign test 
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SPANK - Spearman rank c o r r e l a t i o n  

T I E  - c a l c u l a t i o n  o f  t i e s  i n  ranked obse rva t ions  

TWOAV - Friedman two-way ana lys i s  of  va r i ance  s t a t i s t i c  

UTEST - Mann-Whitney U-test 

WTEST - Kendall c o e f f i c i e n t  of  concordance 

A . 3  STATISTICS - Group I11 

A.  3.1 - Generation of Random Variantes - D i s t r i b u t i o n  Functions 

GAUSS - normal dev ia t e s  

NDTR - normal d i s t r i b u t i o n  func t ion  

BDTR - b e t a  d i s t r i b u t i o n  

CDTR - x2 d i s t r i b u t i o n  funct ion 

NDTRI - i nve r se  of normal d i s t r i b u t i o n  func t ion  

A . 3 . 2  Elementary S t a t i s t i c s  and Miscellany 

MOMEN - f i r s t  fou r  moments 

I TTEST - t e s t  on population means 

B I S E R  - b i s e r i a l  c o r r e l a t i o n  c o e f f i c i e n t  

PHI - p h i  c o e f f i c i e n t  

POINT - p o i n t - b i s e r i a l  c o r r e l a t i o n  c o e f f i c i e n t  

TETRA - t e t r a c h o r i c  c o r r e l a t i o n  c o e f f i c i e n t  

SRATE - s u r v i v a l  r a t e s  
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B. 1 MATHEMATICS - Group I : Matrices 

B.1.L Matrices: Storage 

MCPY - matrix copy 
RCPY - copy row of matrix into vector 
CCPY - copy column of matrix into vector 
DCPY - copy diagonal of matrix into vector 
XCPY - copy submatrix from given matrix 
MSTR - storage conversion 
LOC - location in compressed-stored matrix 
CONVT- single-precision/double-precision conversion 

ARRAY- vector storage/double-dimensional storage conversion 

B . 1 . 2  Matrices: Operations 

GMADD- add two general matrices 

GMSUB- subtract two general matrices 

GMPRD- product of two general matrices 

GMTRA- transpose of a general matrix 

GTPRD- transpose product of two general matrices 

MADD - add two matrices 

MSUB - subtract two matrices 

MPRD - matrix product (row into column) 

MTRA - transpose a matrix 
TPRD - transpose product 

MATA - transpose product of matrix by itself 
SADD - add scalar to matrix 
SSUB - subtract scalar from a matrix 

SMPY - matrix multiplied by a scalar 
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S D I V  - mat r ix  divided b y  a s c a l a r  

SCLA - mat r ix  c l e a r  and add s c a l a r  

DCLA - r2p lace  diagonal  with s c a l a r  

RADD - add row of one matr ix  t o  row of another  matrix 

CADD - add column of  one matrix t o  column of another  matrix 

SRMA - scalar mul t ip ly  row and add t o  another  row 

SCMA - s c a l a r  mu l t ip ly  column and add t o  another  column 

R I N T  - interchange two r o w s  

CINT - in te rchange  two columns 

RSUM - sum t h e  rows o f  a ma t r ix  

CSUM - sum t h e  columns of  a ma t r ix  

RTAB - t a b u l a t e  t h e  rows of a ma t r ix  

CTAB - t a b u l a t e  t he  columns of  a ma t r ix  

RSRT - s o r t  mat r ix  rows 

CSRT - s o r t  ma t r ix  columns 

RCUT - p a r t i t i o n  by row 

CCUT - p a r t i t i o n  by column 

R T I E  - ad jo in  two matr ices  by row 

CTIE - ad jo in  two matr ices  by column 

MPRC, DMPRC - permute rows  o r  columns 

MFUN - matr ix  t ransformation by a func t ion  

RECP - r e c i p r o c a l  funct ion f o r  MFUN 

B . 1 . 3  Matrices: Spec ia l  Operations 

RSLMC - s o l u t i o n  of  sys tem of l i n e a r  equat ions  

SIMQ - s o l u t i o n  of  a s e t  of simultaneous l i n e a r  equat ions  

M I N V  - mat r ix  invers ion  

FACTR - f a c t o r i z a t i o n  of  ma t r ix  

EIGEN - eigenvalues  and e igenvec tors  of r e a l  symmetric 
ma t r ix  
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HSBG - reduce a real  matr ix  i n t o  upper almost t r i a n g u l a r  
form 

ATEIG- e igenvalues  of r e a l  almost t r i a n g u l a r  matr ix  

SINV, D S I N V  - symmetric pos i t i ve  d e f i n i t e  mat r ix  inve r s ion  

GELB, DGELB - so lve  a system of simultaneous l inear  
equat ions with c o e f f i c i e n t  matrix of 
baud s t r u c t u r e s  

GELG, DGELG - so lve  a general  system of simultaneous 

GELS, DGELS - solve a system of  simultaneous l i n e a r  

1 ine  a r  e quat ions  

equat ions with symmetric c o e f f i c i e n t  mat r ix  

LLSQ, DLLSQ - l i n e a r  l e a s t  squares  problem 

MCHB, DMCHB - f a c t o r i z a t i o n  of mat r ix  using Cholesky's 
square roo t  method 

MFGR, DMF'GR - c a l c u l a t e  t r i a n g l e  f a c t o r s  o r  mat r ix  using 
Gauss e l iminat ion technique 

MFSD, DMFSD - f a c t o r  symmetric p o s i t i v e  d e f i n i t e  mat r ix  

MFSS, DMFSS - f a c t o r  symmetric p o s i t i v e  semi-def in i te  matr-x 

MLSS, DMLSS - l e a s t  squares s o l u t i o n  of system of 
simultaneous l i n e a r  equat ions 

MTDS, DMTDS - so lu t ion  of system of  equat ions wi th  
symmetric pos i t i ve  d e f i n i t e  c o e f f i c i e n t  mat r ix  

B . 2  MATHEMATICS - Group 11: D i f f e r e n t i a l  Equations 

B .  2 . 1  Numerical D i f f e r e n t i a t i o n  

DGT3, DDGT3 - d i f f e r e n t i a t i o n  of a t abu la t ed  func t ion  by 

DET3, DDET3 - d i f f e r e n t i a t i o n  of an e q u i d i s t a n t l y  

parabo 1 i c i n  t e rpo  1 a t  ion 

t abu la t ed  funct ion 

DET5, DDET5 - d i f f e r e n t i a t i o n  of an e q u i d i s t a n t l y  
t abu la t ed  funct ion 

DCAR, DDCAR - der iva t ive  of a func t ion  a t  t he  c e n t e r  of  
an i n t e r v a l  

DBAR, DDBAR - der iva t ive  of  a func t ion  a t  t he  border  of 
an i n t e r v a l  
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B .  2 . 2  Ordinary D i f f e r e n t i a l  Equations 

RK1 - s o l u t i o n  of f i r s t - o r d e r  d i f f e r e n t i a l  equat ion  

RK2 - t a b u l a t e d  so lu t ion  of  f i r s t - o r d e r  d i f f e r e n t i a l  

by Runge-Kutta method 

equat ion by Runge-Kutta method 

RKGS, DRKGS - s o l u t i o n  of system of  f i r s t - o r d e r  ord inary  
d i f f e r e n t i a l  equat ions  w i t h  given i n i t i a l  
va lues  by the Runge-Kutta method 

HPCG,  DHPCG - s o l u t i o n  of gene ra l  system of f i r s t - o r d e r  
ord inary  d i f f e r e n t i a l  equat ions  wi th  
given i n i t i a l  va lues  by Hamming's 
modified p red ic to r -  c o r r e c t o r  method 

HPCL, DHPCL - s o l u t i o n  of l i n e a r  system o f  f i r s t - o r d e r  
ord inary  d i f f e r e n t i a l  equat ions  wi th  given 
i n i t i a l  values by Hamming's modified 
p r e d i c t o r - c o r r e c t o r  method 

LBVP, DLBVP - s o l u t i o n  of l i n e a r  f i r s t - o r d e r  o rd ina ry  
d i f f e r e n t i a l  equat ions  wi th  l i n e a r  boundary 
condi t ions by :..-.thod of a d j o i n t  equat ions  

B .  2 . 3  Numerical Quadrature 

QTFG, DQTFG - i n t e g r a t i o n  of  monotoni z l l y  t a b u l a t e d  
func t ion  by t r a p e z o i d a l  r u l e  

QTFE, DQTFE - i n t e g r a t i o n  of e q u i d i s t a n t l y  t a b u l a t e d  
func t ion  by t r a p e z o i d a l  r u l e  

QSF, DQSF - i n t e g r a t i o n  of e q u i d i s t a n t l y  t a b u l a t e d  
func t ion  by Simpson's r u l e .  

QHFG, DQHFG - i n t e g r a t i o n  of  monotonically t a b u l a t e d  
func t ion  with f i r s t  d e r i v a t i v e  by Hermitian 
formula of f i r s t  o r d e r  

QHFE, DQHFE - i n t e g r a t i o n  of  e q u i d i s t a n t l y  t a b u l a t e d  
func t ion  with f i r s t  d e r i v a t i v e  by Hermitian 
formula of f i r s t  o r d e r .  

QHSG,  DQHSG - i n t e g r a t i o n  o f  monotonically t a b u l a t e d  
func t ion  with f i r s t  and second d e r i v a t i v e s  
by Hermitian formula of  f i r s t  o r d e r  

func t ion  with f i r s t  and second d e r i v a t i v e s  
by Hermitian formula o f  second o r d e r  

QHSE, DQHSE - i n t e g r a t i o n  of e q u i d i s t a n t l y  t a b u l a t e d  

QATR, DQATR - i n t e g r a t i o n  of  a given func t ion  by 
t rapezoida l  r u l e  t oge the r  wi th  Romberg's 
ex t r apo la t ion  method 
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QG2-QG10, DQG4-DQG32 - integration o f  a given function 
by Gaussian quadrature formulas 

QL2-QL10, DQL4-DQL32 - integration o f  a given function 
(4,8,12,16 by Gaussian-Laguerre quadrature 
24,32 only) formulas 

QH2-QH10, DQH8-DQH64 - integration o f  a given function 
(8,16,24,32, by Gaussian-Hermite quadrature 
48,64 only) formulas 

QA2-QA10, DQA4-DQA32 - integration of a given function 
by associated Gaussian-Laguerre 
quadrature formulas 

B.3 MATHEMATICS - Group I11 - INTERPOLATION, APPROXIMATION, SMOOTHING 

ALI, DALI - Aitken-Lagrange interpolation 
AHI, DAH1 - Aitken-Hermite interpolation 
ACFI, DACFI - continued fraction interpolation 

ATSG, DATSG - table selection out of a general table 

ATSM, DATSM - table selection out of a monotonic table 
ATSE, DATSE - table selection out of :- lquidistant table 
SG13, DSG13 - local least-squares smoothing of 

t abul at e d functions 

SE13, DSE13 - local least-squares smoothing of 

SE15, DSE15 - local least-squares smoothing of 

e qui d i s t ant 1 y tab ul at e d fun c t ions 

equidistantly tabulated functions 

SE35, DSE35 - local least-squares smoothing of 

APFS, DAPFS - solve normal equations for least-squares fit 
APCH, DAPCH - least-squares polynomial approximation 
ARAT, DARAT - rational least-squares approximation 

equidistantly tabulated functions 

FRAT, DFRAT - used by ARAT, DARAT 

APLL, DAPLL - linear least-squares approximation 
~ FORIF - Fourier analysis of a given function 
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FORIT - Fourier analysis of a tabulated function 
HARM, DHARM - complex three-dimensional analysis 
RHARM, DRHARM- real one-dimensional analysis 

APMM, DAPMM - linear Chebyshev approximation over a 
discrete range 

B . 4  MATHEMATICS - - Group IV: Nonlinear Equations 

B . 4 . 1  Roots 

RTWI, DRTWI - refine estimate of root by Wegstein's 
iteration 

RTMI, DRTMI - determine root within a range by Mueller's 
iteration 

RTNI, DRTNI - refine estimate of root by Newton's iteration 

B . 4 . 2  Extremum - of Functions 

FMFP, DFMFP - unconstrained minimum of a function of 
several variables - Davidon method 

FMCG, DFMCG - unconstrained minimum of r function of 
several variables - conjughte gradient method 

B . 4 . 3  Permutations 

PPRCN - composition of permutations 

PERM - operations with permutations and transpositions 

B. 4 . 4  Sequences 

TEAS, DTEAS - limit of a given sequence 
TEUL, DTEUL - sum of a given function sequence 

B . 5  MATHEMATICS - - Group V: Special Functions 

GMMMA - gamma function 

DLGAM - natural log of gamma function 
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BESJ 

BESK 

BESY 

I N U E  

I O  

EXP I 

SIC1 

cs 
CELl  

CEL2, 

E L I l ,  

EL12 

JELF, 

- J Bessel func t ion  

- K Bessel func t ion  

- Y Bessel func t ion  

- modified Bessel func t ions  f o r  o r d e r s  1 t o  N 

- modified Bessel funct ion of  o r d e r  0 
- exponent ia l  i n t e g r a l  

- s i n e  cosine i n t e g r a l  

- Fresne l  i n t e g r a l s  

DCELl - complete e l l i p t i c  i n t e g r a l  o f  t h e  f i r s t  k ind  

DCEL2 - complete e l l i p t i c  i n t e g r a l  of  t he  second k ind  

DELI1 - gene ra l i zed  e l l i p t i c  i n t e g r a l  of  t he  f i rs t  k ind  

DELI2 - gene ra l i zed  e l l i p t i c  i n t e g r a l  of  t he  second 

DJELF - Jacobian e l l i p t i c  func t ions  

k ind  

3 . 6  MATHEMATICS - Group V I :  Polynomials 
I 

B .  6 . 1  Operat ions 

PADD - add two polynomials 

PSUB - s u b t r a c t  one polynomial from another  

PCLA - r ep lace  one polynomial by another  

PADDM- mu l t ip ly  polynomial by cons tan t  and add t o  

PMPY - mul t ip ly  two polynomials 

P D I V  - div ide  one polynomial b y  another  

PVAL - value  of a polynomial 

another  polynomial 

PVSUB- s u b s t i t u t e  v a r i a b l e  o f  polynomial by another  
polynomial 

PILD - eva lua te  polynomial and i t s  f i r s t  d e r i v a t i v e  
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PDER - derivative of a polynomial 
PINT - integral of a polynomial 
PQSD - quadratic synthetic division of a polynomial 
PCLD - complete linear synthetic division 
PGCD - greatest common divisor of two polynomials 
PNORM- normalize coefficient vector of polynomial 

PECN, DPECN - economization of a polynomial for 
symmetric range 

PECS, DPECS - economization of a polynomial for 
unsymmetric range 

B.6.2 Roots 

POLRT - real and complex roots of a real polynomial 
PRQD, DPRQD - roots of a real polynomial by QD 

algorithm with displacement 

PRBM, DPRBM - roots of a real polynomial by Bairstow's 
algorithm 

PQFB, DPQFB - determine a quadratic factor of a real 
polynomial 

B . 6 . 3  Special Types 

CNP, DCNP - value of Nth Chebyshev polynomial 

CNPS, DCNPS - value of series expansion in Chebyshev 
po 1 ynomials 

TCNP, DTCNP - transform series expansion in Chebyshev 
polynomials to a polynomial 

CSP, DSCP - value of Nth shifted Chebyshev polynomial 
CSPS, DCSPS - value of series expansion in shifted 

Chebyshev polynomials 

TCSP, DTCSP - transform series expansion in shifted 
Chebyshev polynomials to a polynomial 

HEP, DHEP - value of Hermite polynomial 
HEPS, DHEPS - value of series expansion in Hermite 

polynomials 
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THEP, DTHEP - t ransform s e r i e s  expansion i n  Hermite 
polynomials t o  a polynomial 

LAP, DLAP - value of Laguerre polynomial 

LAPS, DLAPS - value of s e r i e s  expansion i n  Laguerre 
polynomials 

T U P ,  DTLAP - t ransform s e r i e s  expansion i n  Laguerre 
polynomials t o  a polynomial 

LEP, DLEP - value o f  Legendre polynomial 

LEPS, DLEPS - value of s e r i e s  expansion i n  Legendre 
polynomials 

TLEP, DTLEP - t ransform a s e r i e s  expansion i n  Legendre 
polynomials t o  a polynomial 
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APPENDIX B 

- Subroutine Core Requirements 

This  appendix contains  a l i s t i n g  of each subrout ine  i n  

t h e  SSP1-SSP15 modules and t h e  SSPA-SSPF modules. The t a b l e  

space and o b j e c t  s i z e  f o r  each subrout ine i s  inc luded .  
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TABLE I. - SSPl  MODULE 

Batch Number PGM Name Table  Space Page Number 

CANOR 65K 

NROOT 5 3K 

PROBT 6 1 K  

GDATA 5 1 K  

LOAD 3 3 K  

MEANQ 5 1K 

MISR 6 3K 

1 

6 

9 

14 

1 7  

1 9  

2 3  

Obj. S i z e  

7FC 

5 34 

5 D 0  

438 

E4 

3c0 

8c0 

Larges t  t a b l e  space needed: 

T o t a l .  l ength  of  o b j e c t :  249C bytes  (hexadecimal) 

65K i n  program CANOR 
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Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

1 3  

14 

15 

1 6  

1 7  

18 

19 

PGM Name 

MULTR 

ORDER 

ABSNT 

AVCAL 

AVDAT 

BOUND 

C O R E  

DISCR 

DMATX 

STPRG 

SUBMX 

SUBST 

TAB1 

TAB2 

TALLY 

TRACE 

VARMX 

KOLMO 

KOLM2 

Table  Space 

49K 

35K 

33K 

39K 

41K 

3 7K 

7 7K 

7 1 K  

43K 

7 7 K  

3 3 K  

35K 

49K 

65K 

4 1 K  

35K 

69K 

45K 

45K 

Page Number 

1 

5 

8 

10 

13 

1 6  

19 

24 

28 

31 

38 

40 

43  

46 

50 

53 

55 

60 

64 

Obj .  S i z e  

3A4 

1B8 

FO 

1A4 

264 

250 

7F8 

79 c 
3114 

8F8 

1 2  8 

23C 

324 

6 34 

2EC 

120 

6F8 

360 

2B8  

L a r g e s t  t a b l e  space  needed:  77K i n  program C O R E  

To ta l  l e n g t h  of o b j e c t :  46AC Bytes  (hexadecimal)  

B- 3 



TABLE 111.- SSP3 MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

1 3  

1 4  

15 

1 6  

1 7  

18 

1 9  

- PGM Name 

KRANK 

MPAIR 

SIGNT 

SPANK 

TWOAV 

UTEST 

WTEST 

QTEST 

AUTO 

CHISQ 

CROSS 

EXSMO 

RANK 

SMIRN 

SMO 

T I E  

BDTR 

BISER 

CDTR 

Table  Space  

43K 

39K 

39K 

3 7K 

3 7K 

35K 

4 3K 

35K 

3 7K 

45K 

3 7K 

3 7K 

35K 

3 3K 

35K 

35K 

6 3K 

43K 

61K 

Page Number 

1 

4 

7 

10 

1 3  

15 

17  

20 

22 

24 

2 7  

29 

31 

33 

36 

38 

40 

45 

48 

Obj . Size 
3c4 

314 

37c 

2F8 

220 

2 30 

2 FC 

14C 

124 

2B4 

190 

1 D O  

164 

15C 

1AO 

154 

95c 

2 3C 

830 

L a r g e s t  t a b l e  space  needed:  63K i n  program BDTR 

T o t a l  l e n g t h  of  o b j e c t :  3598 b y t e s  (hexadecimal)  

B-4 



TABLE 1V.- SSP4 MODULE 

Batch Number 

1 
2 
3 

7 

8 

9 
10  

11 

1 2  

I 1 3  

14 

15 

16 

1 17 

PGM Name 

GAUSS 
TETRA 

MOMEN 

NDTR 
NDTRI 

PHI 

POINT 

SRATE 

TTEST 

QATR 

QAlO 

QA2 

Table  Space 

3 1K 
5 1K 
41K 

31K 
33K 

39K 

41K 

43K 

43K 

39K 

33K 

31K 

Page Number 

10 
1 2  
1 4  

1 7  

20 

23 

26 

29 

31 

31K 33 

31K 35 

33K 37 

33K 39 

3 3 K  41 

18  QA8 3 3 K  43 

1 9  QA9 33K 45 

20 Q G l O  3 3K 47 

2 1  QG2 3 1 K  49 

1 

22 

23 
QG3 

QG4 

3 1 K  

3 3 K  

51 

53 

24 QG5 3 3 K  55 

25 QG6 3 3K 57 

26 QG7 3 3K 59 
La rges t  t a b l e  space needed: 51K i n  program TETRA 
T o t a l  l e n g t h  of o b j e c t :  2ECC bytes  (hexadecimal) 

Obj . S i z e  

DC 
5FC 

258 

110 
19 8 

2 80 

1F8 

2FC 

33c 

2D8 

1EO 

BO 

D4 

100 

124 

148 

16C 

19 8 

1 B C  

21c 

E 8  

110 

134 

16 4 

184 

1AC 

B-5 



TABLE V . -  SSP5 MODULE 

Table Space 

33K 

3 3 K  

3 3 K  

3 3 K  

33K 

35K 

33K 

3 1 K  

3 1 K  

3 1 K  

3 1 K  

3 3K 

3 3K 

Obj. S i z e  - Batch Number 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

1 2  

1 3  

PGM Name 

QG8 

QG9 

QHFE 

QHFG 

QHSE 

QHSG 

Q H l O  

QH2 

QH3 

QH4 

QH5 

QH6 

QH7 

Page Number 

1 

3 

5 

7 
9 

11 

13 
15 

1 7  

19 

2 1  

23 

25 

1cc 
1FC 

104 

11c 
134 

154 

1C4 

BO 

D4 

F8 

11c 
13C 

160 

QH8 3 3K 

QH9 3 3K 

QLlO 3 3K 

2 7  

29 

31 

180 

1A4 

14 

15 

16  1e0 

1 7  QL2 

QL3 

QL4 

3 1 K  

3 1 K  

3 1K 

33 

35 

37 

BO 

D4 18  

100 19 

20 

2 1  
22  

QL5 

QL6 
QL7 

3 3K 

3 3K 
3 3K 

39 

41 
43 

45 

47 

49 

124 

148 
16C 

198 

1 B C  

2 A 8  

23 QL8 

QL9 
QSF 

33K 

3 3K 

5 1 K  

24 

25 

26 

2 7  

2 8  

DQA12 35K 52 2D4 

DQA16 35K 54 39c 

DQA24 39K 56 5 34 

B-h 



TABLE V . -  SSP5 MODULE - (CONTINUED) 

PGM Name Table Space Page Number Obi. S i z e  -- Batch Number 

29 DQA32 4 3K 59 6C4 

30 DQG12 35K 62 2C4 

31 DQG16 35K 64 36C 

32 DQG24 3 7K 66 4BC 

33 DQG32 39K 68 60C 

Larges t  t a b l e  space needed: 

T o t a l  l e n g t h  of o b j e c t :  

5 1 K  i n  program QSF 

4524 bytes  (hexadecimal) 

B - 7  



TABLE VI.- SSP6 MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14  

15 

1 6  

1 7  
18  

1 9  

20 

2 1  

2 2  

2 3  

24 

25 

PGM Name 

DQHSG 

DQH16 

DQH24 

DQH32 

DQH4 8 

DQH64 

DQL12 

DQL16 

DQL24 

DQL32 

Table  Space 

35K 

35K 

37K 

41K 

45K 

5 1 K  

35K 

35K 

39K 

4 3K 

Page Number 

1 
3 

5 

7 

10 

1 3  

17 
19 

2 1  

24 

DQATR 4 3K 2 7  

DQA4 

DQA8 

DQG4 

DQG8 

31K 

33K 

3 3K 

33K 

30 

32 

34 

36 

DQHFE 33K 38 

DQHFG 3 3K 

DQHSE 33K 

DQH8 3 3K 

DQL4 31K 

DQL8 

DQSF 

33K 

51K 

DQTFE 3 3K 

DQTFG 33K 

40 

42 

44 

46 

48 

50 

53 

55 

QTFE 3 3K 57 

La rges t  t a b l e  space  needed: 51K i n  program DQH64 

I T o t a l  l e n g t h  of o b j e c t :  5278 bytes  (hexadecimal) 

B-8  

Obi. Size 

184 

34c 

4AC 

60C 

8DC 

B9C 

2 D4 

39c 

534 

6 C4 

3 a4 

144 

20c 

174 

21c 

134 

150 

170 

1 E C  

144 

20c 

2F4 

FO 

104 

DO 



Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TABLE V I I .  - SSP7 MODULE 

- PGll N a m e  Table  Space Page Number 

QTFG 

DSINV 

S I N V  

GELB 

GELG 

GELS 

HSBG 

LLSQ 

MCHB 

MFGR 

MFSD 

Larges t  t a b l e  space needed: 

T o t a l  l e n g t h  o f  o b j e c t :  

3 3K 

3 7K 

41K 

69K 

5 7K 

5 7K 

49K 

75K 

59K 

6 3K 

3 7K 

1 

3 

6 

9 

14 

18 

22 

25 

30 

36 

41 

75K in program LLSQ 

363C b y t e s  (hexadecimal) 

Obj. Size 

E 8  

2A0 

30C 

80C 

5cc 

5 F4 

3E8 

83C 

6 FO 

6BC 

20c 

B- 9 



TABLE VIII. - SSP8 MODULE 

Batch Number 

1 

2 

3 

7 

8 

9 

10 

11 

PGM Name 

MFSS 

M I N V  

MLSS 

MTDS 

ATEIG 

DGELB 

DGELG 

DGELS 

DLLSQ 

DMCHB 

DMFGR 

Table  Space 

6 9 K  

53K 

5 3 K  

45K 

95K 

7 1 K  

59K 

59K 

79K 

59K 

6 3K 

Page Number 

1 

6 

10 

14 

18 

2 4  

2 9  

33 

37 

42 

48 

Obj.  Size 

800 

424 

578 

470 

B88 

858 

61C 

638 

89 8 

660 

710 

Larges t  t a b l e  space needed: 95K i n  program ATEIG 

To ta l  l eng th  of o b j e c t :  4C48 b y t e s  (hexadecimal) 

B- 10 



TABLE 1X.- SSP9 MODULE 

Batch Number 

1 

2 

7 

8 

9 

10 

11 

1 2  

1 3  

PGM Name 

DMLSS 

DMFSD 

DMFSS 

DMTDS 

EIGEN 

FACTR 

RSLMC 

S I M Q  

CSRT 

CTAB 

MTRA 

RTAB 

CADD 

Tab le  Space 

49K 

35K 

69K 

4 3K 

59K 

4 7K 

55K 

45K 

3 7K 

35K 

3 3K 

35K 

3 3K 

Page Number 

1 

5 

8 

1 3  

1 7  

2 1  

24 

2 8  

31 

34 

36 

38 

40 

Obj . S i z e  

4B0 

1 D 4  

72C 

3F8 

5 F4 

45c 

5A4 

364 

21c 

258 

158  

258 

188 

L a r g e s t  t a b l e  space  needed:  69K i n  program DMFSS 

T o t a l  l e n g t h  of o b j e c t :  2EAC b y t e s  (hexadecimal) 

B - 1 1  



TABLE X . -  SSPlO MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

- PGM Name 

ALI 

AP CH 

APFS 

APLL 

APMM 

ATSE 

ATSG 

ATSM 

DACFI 

DAH1 

DALI 

DAPCH 

Table Space 

35K 

4 7K 

4 7K 

3 7K 

103K 

34K 

3 7K 

43K 

4 7K 

43K 

35K 

4 7K 

Page Number 

1 

4 

8 

1 2  

15 

23 

26 

29 

32 

36 

39 

42 

Obj.  S i z e  

1cc 
350 

398 

264 

AEC 

20c 

1 FO 

2AC 

3A4 

2 84 

2 14 

3B0 

Largest  t a b l e  space needed: 103K i n  program APMM 

Tota l  l e n g t h  of o b j e c t :  2898 bytes (hexadecimal) 

B-12 



Batch Number 

1 

2 

3 

4 

5 

10 

11 

1 2  

1 3  

~~-~~ 

TABLE XI.- SSPll  MODULE 

PGM Name 

DAPFS 

DAPLL 

DAPMM 

DSE13 

DSE15 

DHARM 

DSE35 

DSG13 

DATSE 

DATSG 

DATSM 

SE13 

SE15 

Table Space 

4 7K 

37K 

lOlK 

35K 

39K 

1 3 7 K  

3 7 K  

3 7K 

39K 

37K 

43K 

35K 

39 K 

Page Number 

1 

5 

8 

16 

18 

20 

30 

32 

34 

37 

40 

43 

4 3  

Largest  t a b l e  space needed: 137K i n  program DHARM 

To ta l  l eng th  of o b j e c t :  3620 b y t e s  (hexadecimal) 

B - 1 3  

Obj . Size  

3F0 

278 

A74 

170 

1 B 8  

144C 

1AC 

240 

234 

214 

2cc  

140 

190 



TABLE XI1.- SSP12 MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

1 3  

14  

15 

16  

1 7  

18 

1 9  

20 

2 1  

22  

PGM Name Table Space Page Number 

SE35 3 7K 1 

SG13 3 7K 3 

GMMMA 35K 5 

INUE 35K 7 

I O  33K 9 

JELF 3 7K 11 

BESJ 

BESK 

41K 

49K 

1 4  

1 7  

BESY 43K 20 

C E L l  3 3K 23 

CEL2 3 3K 

cs 35K 

DCELl  35K 

DCEL2 35K 

DELI1 35K 

25 

2 7  

29 

31 

33 

DELI2 39K 35 

DJELF 3 7K 38 

DLGAM 35K 41 

E L I 1  35K 43 

ELI2  39K 45 

EXP I 35K 48 

SIC1 37K 50 

Obj. S i z e  

1 7 C  

200 

1BO 

1 D 8  

184 

2co 

30 C 

510 

480 

EC 

168 

2A0 

144 

1 E 8  

1 D C  

390 

3A0 

228 

184 

30C 

2E8 

308 

La rges t  t a b l e  space needed: 49K i n  program BESK 

T o t a l  l e n g t h  of  o b j e c t :  35B8 bytes  (hexadecimal) 

B-14 



TABLE X I I 1 . -  SSP13 MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 5  

16 

17 

18 

PGM Name 

PGCD 

DPRBM 

PDIV 

PILD 

PRBM 

PVSUB 

PCLA 

PCLD 

PADDM 

PDER 

PECN 

PECS 

PINT 

POLRT 

PMPY 

PNORM 

PQFB 

PQSD 

Table  Space 

35K 

6 3K 

35K 

31K 

6 3K 

37K 

31K 

31K 

33K 

3 3K 

39K 

3jK 

35K 

5 9K 

33K 

3 1K 

59K 

31K 

Page Number 

1 

3 

8 

10 

12 

17 

19 

21 

23 

25 

27 

30 

32 

34 

38 

40 

42 

47 

Obj.  S i z e  

1 B 8  

604 

1F8 

120 

5BC 

258 

88 

A0 

118 

cc 
1 D C  

1AO 

c4 

608 

15C 

90 

668 

C8 

Larges t  t a b l e  space  needed:  63K i n  program DPRBM 

T o t a l  l e n g t h  o f  o b j e c t :  2958 by tes  (hexadecimal)  

B- 15 



TABLE X 1 V . -  SSP14 MODULE 

PGM Name T a b l e  Space Page Number Obj. S i z e  Batch Number - 
1 PF.QD 9 9K 1 BBO 

I 2 PSUB 3 3K 9 110 

3 PVAL 31K 11 90 

4 DPECN 41K 13 21c 

5 DPECS 39K 16  200 

6 DPQFB 59K 19 6E4 

7 DPRQD 99K 24 c10 

8 PADD 33K 32 100 

9 HEP 35K 34 co 

I 

I 

10 HEPS 35K 36 E4 

11 LAP 35K 38 D 8  

1 2  LAPS 35K 40 EC 

1 3  LEP 35K 42 C 8  

14 LEPS 35K 44 E 8  

15 CNP 35K 46 A 4  

16 CNPS 35K 48 E4 

1 7  CSP 35K 50 B 8  

18 CSPS 35K 52 FO 

1 9  DLAP 35K 54 F8 

20 DLAP S 35K 56 110 

2 1  DLEP 35K 5 8  FO 

22  DLEPS 35K 60 110 

2 3  DHEP 35K 62 DC 

L a r g e s t  t a b l e  s p a c e  needed:  99K i n  program PRQD 

T o t a l  l ength  o f  o b j e c t :  328C b y t e s  (hexadecimal)  

B- 16 



TABLE XV.- SSP15 MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13  

14 

15 

PGM Name 

DHEPS 

DCNP 

DCNPS 

DCSP 

DCSPS 

DTCNP 

DTCSP 

DTHEP 

DTLAP 

DTLEP 

TCNP 

TCSF 

THEP 

TLAP 

TLEP 

Table  Space 

35K 

35K 

35K 

35K 

35K 

4 1 K  

33K 

4 1 K  

4 1 K  

3 7K 

39K 

4 1 K  

41K 

43K 

41K 

Page Number 

1 

3 

5 

7 

9 

11 

14 

1 7  

20 

23 

26 

28 

31 

34 

37 

La rges t  t a b l e  space  needed:  43K i n  program TLAP 

T o t a l  l e n g t h  of  o b j e c t :  192C b y t e s  (hexadecimal)  

B-17  

Obj.  S i z e  

104 

co 
104 

EO 

114 

1E4 

1F4 

20c 

294 

264 

19c 

1 A C  

1 co 
2 8C 

200 



TABLE X V I .  - S S P A  MODULE 

B a t c h  N u m b e r  

9 

10 

11 

1 2  

13 

14 

1 5  

1 6  

1 7  

18  

19  

20 

2 1  

2 2  

2 3  

24 

PGM - N a m e  

CCPY 

CCUT 

CSUM 

C T I E  

DCLA 

DCPY 

MADD 

MATA 

MCPY 

IJIFUN 

MPRD 

MSTR 

MSUB 

RADD 

RCPY 

RCUT 

R S  R T  

RSUM 

R T I E  

SADD 

S C L A  

S D I V  

SM-PY 

S S U B  

Table Space 

3 3 K  

3 5 K  

3 3 K  

3 5 K  

3 1 K  

3 3 K  

3 9 K  

3 5 K  

3 1 K  

3 3 K  

3 9 K  

3 3 K  

3 9 K  

3 3 K  

3 3 K  

3 5 K  

3 7 K  

3 3 K  

3 5 K  

3 3 K  

3 1 K  

3 3 K  

3 3 K  

3 3 K  

Page N u m b e r  

1 

3 

5 

7 

9 

11 

13 

15 

1 7  

1 9  

2 1  

2 3  

25 

2 7  

29 

31 

33 

36 

38 

40 

42 

44 

46 

48 

Obj . S i z e  

164 

1cc 
1 7 C  

1 E 8  

F8 

F C  

2 B 8  

2 74 

F4 

134 

2 D C  

1BO 

2 B 8  

1 7 C  

164 

1cc 
240 

1 7 C  

214 

114 

F C  

120  

114 

114 

B - 1 8  



TABLE X V I  . - SSPA MODULE (CONTINUED) 

Batch Number PGM Name Table  Space 

25 TPRD 39K 

26 XCPY 3 3K 

2 7  GMADD 31K 

28 GMPRD 33K 

29 GMSUB 31K 

- - 

30 GMTRA 33K 

31 GTPRD 3 3K 

32 LOC 33K 

Page Number 

50 

52 

54 

56 

58 

60 

62 

6 4  

Obj . S i z e  

2DC 

1co 
AC 

188 

AC 

co 
188 

D8 

L a r g e s t  t a b l e  space  needed:  39K i n  program MADD 

T o t a l  l e n g t h  of  o b j e c t :  3190 b y t e s  (hexadecimal)  

B- 19 



TABLE XVI1.- SSPB MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

PGM Name 

MPRC 

ARRAY 

C I N T  

CONVT 

DMPRC 

RECP 

RINT 

SCMA 

SRMA 

DLBVP 

LBVP 

- Table Space 

35K 

35K 

3 3K 

35K 

35K 

3 1 K  

3 3K 

3 3K 

33K 

1 8 7 K  

187K 

Page Number 

1 

4 

6 

8 

10 

1 3  

15 

1 7  

19 

2 1  

32 

Obj. Size 

1 R O  

16C 

co 
13C 

1 B C  

88 

C8 

D8 

EO 

1E18 

1D54 

Larges t  t a b l e  space needed: 187K i n  program DLBVP 

Total l e n g t h  of o b j e c t :  4548 b y t e s  (hexadecimal) 

R- 713 



TABLE X V I I . 1 . -  SSPC MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

PGM N a m e  

HPCG 

HPCL 

DBAR 

DCAR 

DDBAR 

DDCAR 

DDGT 3 

DDET 3 

DDET5 

DET3 

DET5 

DGT3 

Table  - Space 

133K 

141K 

39K 

39K 

4 1K 

4 I K  

3 7K 

35K 

39K 

35K 

39K 

3 7K 

Page Number 

1 

8 

1 6  

19  

22  

25 

28 

31 

33 

36 

38 

40 

Obj . S i z e  

14B8 

1530 

300 

32C 

3E8 

3A8 

1cc 
180 

2C8 

150 

26C 

1AO 

L a r g e s t  t a b l e  space needed:  141K i n  program HPCL 

T o t a l  l e n g t h  of  o b j e c t :  4314 b y t e s  (hexadecimal)  

B - 2 1  



TABLE X 1 X . -  SSPD MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PGM Name 

DHPCG 

DHPCL 

DRKGS 

RKGS 

RK1 

RK2 

PPRCN 

PERM 

DFMCG 

DFMFP 

Table Space 

133K 

141K 

65K 

65K 

39K 

3 3K 

3 5K 

39K 

6 7K 

83K 

Page Number 

1 

8 

16  

22 

27 

31 

33 

35 

38 

44 

Obj. S i ze  

1590 

15E4 

9 88 

904 

3c4 

204 

1cc 
1 E C  

7B8 

9C8 

Larges t  t a b l e  space needed: 141K i n  program DHPCL 

To ta l  l eng th  of  o b j e c t :  5900 bytes  (hexadecimal) 

B-22 



TABLE XX. - SSPE MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

PGM Name 

DRTMI 

DRTNI 

DRTWI 

DTEAS 

DTEUL 

M C G  

F'MFP 

RTMI 

RTN I 

RTWI 

TEAS 

TEUL 

Table Space 

45K 

35K 

35K 

5 7K 

37K 

65K 

81K 

43K 

33K 

33K 

5 7K 

3 7K 

Page Number 

1 

5 

8 

11 

16 

1 9  

25  

31 

35 

38 

41 

45 

Obj . S i z e  

41.c 

2 3 0  

1F4 

4E 0 

27C 

71C 

9 2 4  

3B0 

1BC 

1 9 8  

45c 

1 E C  

Largest  t a b l e  space needed: 81K i n  program FMFP 

Tota l  l eng th  o f  o b j e c t :  2D28 bytes  (hexadecimal) 

I 

B-23 



TABLE X X I .  - SSPF MODULE 

Batch Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

PGM Name 

ARAT 

DARAT 

DFRAT 

DRHARM 

FRAT 

WARM 

FORIF 

FORIT 

HARM 

A C F I  

AH1 

Table Space 

6 7K 

69K 

39K 

5 3K 

39K 

5 1 K  

37K 

37K 

137K 

45K 

43K 

Page Number 

1 

6 

11 

1 4  

1 7  

20 

23 

26 

29 

39 

43 

I Lsrrgest t a b l e  space needed: 137K i n  program HARM 
, 

Tota l  l eng th  of o b j e c t :  3A34 bytes  (hexadecimal) 

~ 

I 

Obj . Size  

a34 

8CC 

1FC 

444 

1D4 

3 F4 

230 

1A8 

1400 

318 

23C 
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APPENDIX C 

S ub rout i n  e Do cumen t a t  i on Ex amp 1 e 
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SUBROUTINE NROOT 

PURPOSE : 

Compute eigenvalues  and e igenvec tors  of  a real  nonsymmetric 

ma t r ix  of t h e  form B-inverse times A .  This subrout ine  i s  

normally c a l l e d  by subrout ine  CANOR i n  performing a 

canonical  c o r r e l a t i o n  a n a l y s i s  

USAGE : 

C a l l  NROOT (M,A,B,XL,X) 

DESCRIPTION OF PARAMETERS : 

M - Order of  square mat r ices  A ,  B ,  and X .  

A - Input  mat r ix  (M x M ) .  

B - Input  mat r ix  (M x M ) .  

XL - Output vec to r  of l eng th  M conta in ing  eigenvalues  of  

B-inverse t i m e s  A .  

X - Output mat r ix  (M x M) containing e igenvec tors  column- 

wise .  

REMARKS : 

None 

- SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED: 

E I G E N  

METHOD : 

Refer t o  W .  W .  Cooley and P .  R .  Lohnes, "Mul t ivar ia te  

Procedures f o r  t h e  Behavioral Sciences , ' I  John Wiley and 

Sons, 1 9 6 2 ,  Chapter 3 .  
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